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Proje Ekibimiz Proje Ekibimiz ve Danisman Hocamiz Prof. Serkant Ali
Cetin ile CERN ATLAS Deneyi Is Birligi Lansmaninda
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Istinye Universitesi CERN ATLAS Deneyi s Birligi Lansmani

B "

CERN Arastirma Direktoru Joachim Mnich ve CERN ATLAS Deney Baskani Andreas Hoecker'in istinye
Universitesi ziyareti sirasinda projemiz hakkinda bilgilendirme yapilirken
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Benzetim Calismalari

18 katmanli 15 i¢ sarimli bobin

SolidWorks

50mm

1002mm

580mm

1300mm

500 mm
420 mm

180mm

Kablo Kalinligr * 10mm Toplam Sarim Sayisi = 540
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Benzetim Calismalari

CST Studio

R N B N B NN BN BN BN EE BN OB TEE BN B R I
A T N T B R B I B R I I R IR
LI S IR IR R B B B B B B N N NN T IR T R R )
LI R R B B B B B L R B B B R BN B B
NS 2R ARG S S NN b
IR R B I L R A R R A B
sves b . Ik v 0
N E R R - EEEES - TEREERE
QQ}"*'\\la-wstll.&’}tlp
RN Y 2 = N ‘51:-
......km.-‘m“,,.
.. N QR:“".‘." “-&cﬂ#"d‘i £ 40
LR R W R R L T
LR R T N S SR R R W > A el S T
“““ L T S e I AR P
- - e - A =98
- ~ ~ 4 o s e e N e
o a2 ~ VP F AR TS e B % & o .
s ¢ ¢ v RSB E >R &N
PR g - R T N SR
TNy LR . X L o e
a-‘éd'-.. --/m"it\\
".‘;‘a-ll--:llun?’."‘
’loo.}t'--v------s{f-fpto\
0'..&' SINGENG . ¢ o+ OGNS ﬁ'.;...
' E R R LY T R R 3 O I RS
T B SR R R I I I I N B R Y
PSR SPEHE PP
LR S B B B B B B B B B B N BN BRI I I R B )
R R I B B B B O R I R SRR BTN
(AT N BN IR B NN N NN NN NN N S
r

Benzetim calismalarinda | =5 Amper degerinde akim degeri kullaniimistir. Alinan sonuclar H-Magnet tasariminin sabit
manyetik alan Uretebilirligini gdéstermistir.
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Benzetim Calismalari

CST Studio
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5 Amper akim degerinde H-Magnet merkezinde derinlik (Z-ekseni) boyunca uzanan manyetik
alan degerlerinin grafigi.

Bu grafik, cekirdekler arasinda tamamen homojen bir manyetik alan oldugunu gosteriyor. Cekirdek capindan
uzaklastikca manyetik alan degeri azalir ve koselerde sifira yaklasir.
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Teorik Hesaplamalar ve Benzetim Karsilastirmalari

Plot of B, |, and CSTSim

—6—B
—g—CSTgim
0.7~ AMPERE THEORICAL CALCULATION | CST SIMULATIONS m 1. Teorik Hesaplamalar
i 11. 1MeV Siklotron icin Gereken Manyetik Alan
5 0.06804 T 0.063614 T ¢ B Yy
10 0.13608 T 0.12969 T v = T
L 15 0.20412T 01948 T _ ., S
0.6 muy” v Br
20 0.27216 T 0.25993 T K="= =
25 0.3402 T 0.32506 T ) o i
50 0.6804 T 0.65065 T 1 Mey = LEx10 7CyE(02m°
05— 53 0.72122 T 0.68972 T - 2x167x10 kg
55 0.75844 T 0.71575 T B = 0.72T
@ 55.4 0.75388 T 0.72095 T
5 0.4 55.5 0.75524 T 0.72222 T ]
O
>
1.2. Paralel Miknatislarin Manyetik Alan Hesaplamalari
0.3 — u NI
B = ——
g
0.2 _ Eder B=0,72 T, p0 =126 = 10~ (-6) kg-m-s~2-A72, N = 540 sarim ve g = 0,05 m; ihtiyac
duyulan akim su sekilde hesaplanabilir:
126 % 107 x 540 x I
01 — 0.72T = By —
I = 52.914
0 | | |
0 10 20 30 40 50 60

| Teorik Hesaplamalar

Farkli akim degerlerinde teorik hesaplama sonuclarinin ve benzetim
sonuclarinin karsilastiriimasi
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T..M.A.R.

Three-Dimensional Integrated Magnetic Arm Reader

{LIDWORKS Eklentileri | MBD | SOLIDWORKS CAM LLEZPEE- 0 -v-OR-T-

PARCACIK HIZLANDIRICILARININ MANYETIK ALAN OLCUMLERI ICIN ROBOTIK KOL TASARIMI VE URETIMI



T..LM.A.R.

Three-Dimensional Integrated Magnetic Arm Reader

Yerli Uretim
*Moduler Tasarim
*Kolay Kurulum
*Dayanikli Malzeme
*3 Eksende Hareket Kabiliyeti
*Alan Tarama Algoritmasi
*Genis Olcum Alani
* 550x900x700mm olcum alani kapasitesi
*Hassas Olcum

* 10um Olcum araligl yetenegi
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T..M.A.R.

Three-Dimensional Integrated Magnetic Arm Reader
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Aliuminyum Sigma Profil
*6063 T5 AlUminyum

*Hafif Malzeme Yapisi
*YUksek Mukavemet- Dayamkhhk
*Korozyon Direnci Yuksek
*Yorulma Dayanimi Yuksek

Step Motor

Nemal7, Nema23, Nema 34
*YUksek Hassasiyet

*Kolay Kontrol

*YUksek Tork Gucu

*Hiz ve Adim Kontrolu

Motor Suructuler _~
"TB6600 (1-5 A) (24V)
-DRV8825 (1- 2.5 A) (12V)

T..M.A.R.
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Vidali Miller \\\\\ \\\w

*Dogrusal Hareket
*Paslanmaz Malzeme
*2 Hatve (1 turda 2mm)

| Aliminyum

3D Baski Parcalar
*%20 Doluluk Orani
*1.5mm Duvar Kalinhgi

", AliUminyum Taban

*YUksek Mukavemet-
Dayaniklilik

_ Mikroislemci

Raspberry Pi 3 B+

*1.4 GHz dort cekirdekli ARM Cortex-
A53 islemci

*1 GB LPDDR2 SDRAM




FW Bell 5180 Gaussmetre

| -

=18

Transverse Probe
—(_ (I 00 <=
Axial Probe
STANDARD AXIAL PROBE
Model Number: (56180): SAD18-1904 5180 gaussmeter probes
(5170): SAH17-1904 SAD18-1904 4" Axial Probe
SAD18-1902 2" Axial Probe
Flux Density Range: (5180): 0to +30 kG (0t 3 T)
(6170): 0to +20kG (010 2 T) 5170 gaussmeter probes
SAH17-1904 4" Axial Probe
Corrected Linearity: (6180): £0.5% to +30kG SAH17-1902 2" Axial Probe
(5170): +1.0% to +20kG
Frequency Bandwidth: (5180): 0 to 25 kHz
(5170): 0 to 10 kHz
Offset change with Temperature: +300 mG / °C (typical) ° Teme| Dog ru | u k O rani O/O'l '|
Accuracy change with Temperature: -0.05% / °C (typical) =
ke i s « Analog Cikis ve USB Baglanti

Operating Temperature Range: 0 to +75°C (+32 to +167°F)

Storage Temperature Range: -25 to +75°C (-13 to +167°F)

PARCACIK HIZLANDIRICILARININ MANYETIK ALAN OLCUMLERI ICIN ROBOTIK KOL TASARIMI VE URETIMI




PARCACIK HIZLANDIRICILARININ MANYETIK ALAN OLCUMLERI ICIN ROBOTIK KOL TASARIMI VE URETIMI 17



Konum-Zaman Eslestirme Algoritmasi

« 5180 Gaussmetre'nin bagli oldugu bilgisayar Windows isletim sistemine, T.LM.A.R'In bagli
oldugu bilgisayar Ubuntu isletim sistemine sahiptir.

. |ki veri arasindaki milisaniyelik zaman farklari 6lcimlerin kaydi sirasinda hatalar dodurabilirdi.

* Yazdigimiz algoritma sayesinde anlik konumlar ile 6lcum zamanlarini eslestirerek

kaydedilebildi.
Case 1 Case 2
Motor 5180 Motor 5180
15:04:21 15.04.21 1.32 mT 15.04.21 15.04.20 1.32 mT

15.04.22 1.33 mT
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Tarama Algoritmasinin Tasarimi

Alan Tarama

1: Scan whole Cyclotron
to certain point
er your choice:1

of X in mm

in mm

in mm

how many mm do you want to make a measuerment for X edge

er how many mm do you want to make a measuerment for Y edge

~ how many mm do you want to make a measuerment for
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Manyetik Alan Olcimleri
Ilk Test: Merkezi Alanda Z Ekseni

Ilk test olarak, magnetin bobinlerine 5 Amper dederinde akim uygulanarak, T.LM.AR. ile birlikte magnetin merkezi
noktasinda z-ekseni boyunca olcumler yapildi ve toplanan veriler anlaml grafik temsillerine dénusturuldud. Bu testi
gerceklestirmek icin robot kol tam olarak magnetin merkezine yerlestirildi ve Z-ekseni boyunca 1 mm araliklarla élcumler
gerceklestirildi.

T - >
C? ("S.(‘L'Idyl(? ?unte

P - CST Studio Suite 3

\ =

OlcUm alaninin CST Studio benzetim semasi
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Tarih Zaman  Manyetik Alan (Gavss) | Zaman X Y z
8.06.2023 16:15:04 633 16:15:04 0 0 291
[ ] A (Y ) o 8.06.2023 16:15:05 633 Lot 0 0 292
8.06.2023 16:15:06 633 0 0 293
anyeti an umlenn = E Lk
8.06.2023 16:15:08 633 0 0 295
8.06.2023 16:15:09 633 0 0 296
8.06.2023 16:15:10 633 0 0 297
8.06.2023 16:15:11 633 0 0 298
8.06.2023 16:15:12 633 0 0 299
8.06.2023 16:15:13 633 0 0 300
8.06.2023 16:15:14 633 0 0 301
L] 8.06.2023 16:15:15 634 0 0 302
) ° ° 8.06.2023 16:15:16 634 0 0 303
lik Test: Merkezi Alanda Z Eksenli IR
L 8.06.2023 16:15:18 634 0 0 305
8.06.2023 16:15:20 634 0 1] 306
8.06.2023 633 0 0 307
. . . o . e 8.06.2023 633 0 0 308
Magnetin bobinlerine | =5 Amper akim degeri uygulanarak yapilan 6l¢cum sonuclari. 8062023 o33 0 0 09
8.06.2023 632 0 0 311
8.06.2023 632 0 0 312
8.06.2023 632 0 0 313
8.06.2023 16:15:28 633 0 0 314
8.06.2023 16:15:29 633 0 0 315
8.06.2023 16:15:30 633 0 0 316
8.06.2023 16:15:31 633 20 0 317
8.06.2023 16:15:32 633 0 0 318
p ; ) x=‘ll. y=0,z dagerlar_ine gore t D!garl_eﬂ 8
60 1
Ortalama: 631 Gauss = 631 mT = 0,0631 T
500
% '
40C
50 200
5
a 200
100
10 5 l 40
’ 1
8 08
06 = 06
04 )4
0. 02
- 1 0 0 35
02 )2
)4 < 04
06 6
0 L L | | )8 - 08
0 50 100 150 200 250 300 350 400 450 500
z Degeri

Gaussmetre verilerinin 2D MATLAB grafig Gaussmetre verilerinin 3D MATLAB grafigi
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Manyetik Alan Olcimleri

Ikinci Test: Tam Tarama

ikinci test icin belirli bir alanda édnceden belirlenmis araliklarda dlcUmler gerceklestirildi ve toplanan veriler anlaml grafik
temsillerine donusturuldu. Bu amacla, robot kolunun tarama alanini (x, y, z) = (20, 450, 475)mm olarak ayarlandi ve tarama
araliklari (x,y, z) = (5, 75, 25)mm olarak belirlendi. Bu testte de yine 5 Amper degerinde akim uygulanarak élcumler alindi.

CST Studio Suite
Student Editior

Belirlenen Baslangi¢ Noktasi

OlcUm alaninin CST Studio benzetim semasi
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Ikinci Test: Tam Tarama

i i

.06.2023 23:22:31 Magnetic
.06.2023 23: Magnetic
.06.2023 23:22:33 Magnetic
.06.2023 122:34 Magnetic
.06.2023 23: Magnetic
.06.2023 23: Magnetic
Magnetic
Magnetic
Magnetic
Magnetic
Magnetic
Magnetic
Magnetic Field
Magnetic Field
Magnetic Field : Ml | 0Q Ocys Duen Goronom Gt Proje Derle HotoAykla  Test
Magnetic Field ' - 9-s8 - | [Relesse ~
Magnetic Field

Magnetic Field: -624

Magnetic Field: -624
Magnetic Field: -625
Magnetic Field: -624
Magnetic Field: -625
Magnetic Field: -625
Magnetic Field: -625
Magnetic Field: -627
Magnetic Field: -627 023
Magnetic Field: -627 g 8.06.2023
Magnetic Field: -627

Magnetic Field: -627

$8888
2
8

228232888

Mixed Plstforms ~

©8.06.2023 23:48:53 Magnetic Field: -
=dprlfnied g deld: -656

23388823888882888¢
ueppeukey uan

$83888238883888

VaLe ) ime CULTENGIAme — Uale | Lme . now,

string dateTimeString = currentTime.TeString("d

// Print the date/time and magnetic field value
Console.WriteLine(dateTimeString + * * + “Nag

// vrite the date/time and sagnetic field value
writer.WriteLine(dateTimeString + * " +

}

else

5{1‘1,:;‘;.;:‘7;:”“‘.‘, <
Console.MriteLine("Invalid flux value format: * S *String o ol
: nt
} | Cm;,h_ﬂ: date/en |
// ¥ait for X seconds 1008=1
-~ ‘

*Cdatergnd,
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Tarih Zaman Manyetik Alan (Gauss) Zaman X Y Vi
9.06.2023 01:19:00 361 01:19:00 15 225 475
® - (X ® 9.06.2023 01:19:01 361 01:19:13 15 225 450
9.06.2023 01:19:02 361 01-1926 15 325 425
anyeti an amleri . |
9.06.2023 01:19:04 398 01-19-52 15 225 375
9.06.2023 01:19:05 427 o >
9.06.2023 01:19:07 450 g{:;g:?; {g ;;g ;fg
9.06.2023 01:19:08 472 N 7 300
9.06.2023 01:19:09 492 2L =
e 01:20:45 15 225 275
9.06.2023 01:19:10 512 z == :
9.06.2023 01:19:11 528 01:20:58 15 225 250
15 225 225
° 9.06.2023 01:19:12 542
4 4 9.06.2023 01:19:13 542 15 225 200
Ikinci Test: Tam Tarama DB
[} 9.06.2023 01:19:15 544 15 225 150
9.06.2023 01:19:16 544 15 225 125
9.06.2023 01:19:17 563 15 225 100
9.06.2023 01:19:18 574 15 225 75
. . . _ .. e o 22
Magnetin bobinlerine | =5 Amper akim degeri uygulanarak yapilan 6l¢cum sonuclari. 2.062023 0L:19:19 563 1 s »
9.06.2023 01:19:21 594 15 225 0
X=15, Y=225
konumlarinda Z duzlemi

= x=15, y=225, z degerlerine gére t Degerleri
T T T

X75 2 X 375
X 150 X 200
Y 62.1 o Y 1.0 g——— . i Y 622 6
- - - .
- _ | . X 225 X 300
Y628 Y628 ¢ ’ r |

60 — - i . 60

400

350 -

t Degeri

300

250 —%
30

45 -. \ 200 —

150 —
20

40 \ -

50 —o 0 &

0 50 100 150 200 250 300 350 400 450 500 o 2 4 6 8 c = ~ N e
z Degeri 16 18 20

Gaussmetre verilerinin 2D MATLAB grafigi Gaussmetre verilerinin 3D MATLAB grafigi
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Verilerin Karsilastiriimasi

0.1
0.09
0.08

0.07

0.06
0.05
0.04
0.03 0.06312
0.02

0.01

O —
Gaussmetre Verisi CST Studio Verisi Teorik Hesaplama Verisi

m0,006312T m0,06361T m0,06804 T
H-Magnetin merkezi noktasi esas alinarak 5 Amper akim degerinde

elde edilen; T.LM.A.R. dlcUm verisi, CST Studio benzetim programinin
verisi ve teorik hesaplama verisinin karsilastirma tablosu
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Sonuc¢landirma

Sonuc olarak; T..M.AR. robotik kol ile 1 MeV siklotron i¢in tasarlanmis olan H-Magnette
yapilan manyetik alan élgcumleri, teorik hesaplamalar ve benzetimler karsilastirilarak
istenilen manyetik alan degeri ve sabitligi ortaya konmustur. Sonuclar arasinda olusan
farkliliklarin sebepleri arastirilmis, H-Magnetin manyetik alan sonuclarinin tutarhhgi
degerlendirilmis ve robotik kolun dretim amacina uygunlugu ispatlanmistir.

Bir Urun prototipi olarak ortaya cikarmis oldugumuz bu robotik kol lisans bitirme tezi ve
TUBITAK 2209-A projesi kapsaminda yUrutulmustar. Bu proje sonucunda Uretilmis olan
robotik kolun, ihtiyac duyulabilecek calismalarda/projelerde talep edilmesi durumunda
kullanilarak, hizlandirici ve demet optimizasyonu uzerine yapilan calismalara katkida
bulunmasi hedeflenmistir.
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